Climatic parameters such as temperature, rainfall, wind speed, relative humidity and sunshine hours were used to assess reference evapotranspiration and potential crop evapotranspiration of selected crops. The Penmann Monteith method for calculation of Reference Evapotranspiration, which has been incorporated in CROPWAT software, was used. Test crops included rice, tomato and pepper, which were part of the major crops cultivated in the Botanga irrigation scheme. Research findings indicated that temperature (r = 0.653) played a crucial role in assessing reference evapotranspiration and potential evapotranspiration. Temperature was lowest during the months from July to September due to lower solar radiation and higher rainfall. The potential crop evapotranspiration of rice, tomato and pepper were 697, 533 and 427 mm/season respectively. Rice growers will require more water for irrigation to ensure higher production due to its high evapotranspiration rate.
Introduction
Evapotranspiration (ET) can be described as the sum of soil evapotranspiration and plant transpiration from the earth's land surface to atmosphere. It is one of the crucial variables in the hydrological cycle which controls runoff volume or river discharge, irrigation water requirement and soil moisture contents (Mohan & Arumugam, 1996) .
Estimation of evapotranspiration is essential to irrigation managers in policy making, budgeting and planning. It is evident that direct impact of climate variability on water resources will be mainly through evapotranspiration. Hydrological changes constitute one of the most significant potential impacts on global climate change in the tropical regions (IPCC, 2007) . It is now clear that climate variability will cause a steady rise in temperature and changes in rainfall pattern. Higher temperature will induce higher evapotranspiration, which, in turn, will affect the hydrological system and water resources (Shahid, 2011) . Thus assessing the changes in ET due to climate variability is very important for water resources management in the long-term period. In the crop lands it is important to measure the possible changes in ET and probability of water losses due to climate variability.
Radiation, temperature, precipitation, relative humidity and wind speed are the major agro-climate factors responsible for evaporation from free water surface. Evaporation from a cropped soil is not only dependent on the meteorological factor but also on factors related to crop and to the available amount of soil moisture in the soil. Therefore, interest in obtaining evapotranspiration estimates and actual water use by different crops is increasing, which would make irrigation scheduling and water budget analysis more meaningful (Shirazi et al., 2011) . Potential evapotranspiration (ETc) is the amount of water that is lost through the evaporation process from disease-free and well-fertilized crop field (FAO, 2005) . The values of ETc from different crops differ as the ground cover, canopy properties and aerodynamic resistance of crops are different from one another. The reference evapotranspiration (ETo) also represents potential evapotranspiration of a wellwatered grass crop with an assumed height of 0.12 m, a fixed surface resistance of 70 s/m and albedo of 0.23 (Allen et al., 1998) In Ghana, however, there is a lack of studies on evapotranspiration especially in the northern region where the temperature is high and rainfall is insufficient. Asare et al. (2011) estimated the potential evapotranspiration for a coastal savannah environment using six different methods. The study concluded that for coastal savannah environment of Ghana the Priestley-Taylor and Hargreaves-Samani models could be used in estimating the potential evapotranspiration in place of the Penman-Monteith Model. The result of a study by Abdul-Ganiyu, Amaanatu and Korese (2012) on water use efficiency and productivity for rice (oryza sativa) in the Bontanga irrigation scheme of the northern region of Ghana indicated variations in water use efficiency and productivity. The variability was attributed to the irrigation practices, climatic conditions, late planting, overused seeds, pest pressure, weeds and the inherent characteristics of the soil among others. These studies did not consider the link between the potential evapotranspiration and irrigation water requirement for various crops. There is no doubt that climatic conditions play a significant role in crop productivity, especially those that are related to evapotranspiration. Therefore, the main objective of the study was to estimate and analyse potential evapotranspiration at Botanga irrigation scheme. The study also examined the influence of potential evapotranspiration on crop water requirement from irrigation for rice, tomato and pepper.
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Materials and methods
Location and climate
Botanga irrigation scheme is located in the northern region of Ghana, in the Tolon Kumbungu district; it lies between latitude 9° 30" and 9° 35" N and longitude 1° 20" and 1° 04" W. Figure 1 shows the study area. The cropping area is divided into two, upland and lowland, the upland is free draining soil and plots are designed for furrow irrigation. The upland area is for vegetables production and the lowland for rice production because of the nature of the soil that is heavily textured and irrigated by flooding (AbdulGaniyu et al., 2012) .
The irrigation system is an earth fill dam of 12 m in height with a crest level of 5.00 m. The spillway level is at an elevation of 5.8 m and the surface area at the spillway elevation is 770 m 2 . The reservoir capacity is 25 million m 3 . The dead storage elevation is about 1.52 m and the dead storage capacity is 5 million m 3 . The spillway type is drop inlet with a length of 83.7 m and a design discharge of 85 m 3 /sec. An emergency spillway is also provided. The irrigation system has potential area of 570 ha and all the areas have been developed (Abdul-Ganiyu et al., 2012) .
The system works under gravity from the dam through the canals, laterals to various farms. The maximum, minimum and dead storages of the reservoir are 25 million m 3 , 20 million m 3 and 5 million m 3 respectively, two (2) canals and twenty eight (28) laterals aid in the distribution of water to the farms. Thirteen (13) villages benefit from the dam, which includes Tibung, Kumbungu, Kpasogu, Dalun, Wuba, Kukuo, Kpong, Saakuba, Yiplegu, Voggu, Kushibo, Zangbalwe and Bagli (AbdulGaniyu et al., 2012) .
The total annual rainfall in the area is around 1,300 mm, which normally begins in March, reach a peak in September and then drop sharply in November (Fig. 2) . Thereafter, there is a long dry period from December to the end of February, during which only negligible amounts of rain are received. 
Estimation of reference and potential evapotranspiration
In this study, meteorological data of twenty years of the northern region were collected from the Ghana Meteorological Agency (GMet) for the calculation of reference and potential evapotranspiration of rice, tomato and pepper, which are the major crops cultivated in the study area. This information will provide a good ground for planning and implementation of small and large scale irrigation projects and various possibilities of utilising excess rainwater (Shirazi et al., 2011) . Solar radiation provides energy for evapotranspiration. Net radiation usually provides the upper limit for evapotranspiration especially in humid region. In the drier regions, evapotranspiration may exceed net radiation (Shirazi et al., 2011 ). Talukder (1988 reported that about 75-80% of the net radiation received at the surface is used for latent heat of evapotranspiration, and the rest is used for soil heat flux and sensible heat flux. Allen et al. (1994) gave the methodology used for the calculations of crop evapotranspiration and developed it in the FAO Bulletin 56, 2002. The mentioned methodology begins with the calculation of Reference Evapotranspiration with the equation of Penmann Monteith, which is incorporated in CROPWAT software. Smith et al. (1991) and Smith (1992) reported that CROPWAT is a practical tool to help agro-meteorologists, agronomist and irrigation engineers to carry out standard calculations for evapotranspiration and crop water use studies, and 
where ET o is reference crop evaporation (mm/day), R n is net radiation at the crop surface (MJm 
where Z is elevation above sea level (m).
As saturated vapour pressure is related to air temperature, it is calculated from air temperature. The relationship is given by:
where e° is saturated vapour pressure at the air temperature T (kPa), T is air temperature. Due to the non-linearity of the above equation, the mean saturated vapour pressure for a day, week, decade or month should be computed as the mean between the saturated vapour pressure at the mean daily maximum and minimum air temperature for that period:
For the calculation of evapotranspiration, the slope of the relationship between saturated vapour pressure and temperature is required. The slope of the curve at a given temperature is given by:
The actual vapour pressure can be calculated from the relative humidity. Depending on the availability of the humidity data, different equations should be used:
where e a is actual vapour pressure (kPa), e°(T min ) is saturated vapour pressure at daily minimum temperature, e°(T max ) is saturated vapour pressure at daily maximum temperature, RH min is minimum relative humidity (%); RH max is maximum relative humidity (%). In this study, Botanga meteorological station was selected for this purpose because it is situated in the irrigation area. Once the ET o value is calculated, the potential crop evapotranspiration is calculated by the product of ET o and crop coefficient (K c ):
The weather measurements were taken at 2 m above the surface of the green grass and the average climatic data were taken from 1983 to 2002. The major crops which were cultivated in Botanga irrigation area were tomato and pepper. These crops are mostly cultivated on the upland soils, and rice is predominantly grown on the valley bottom soils (lowland), which is heavily textured and cultivated by flooding. Adams et al. (2014) reported that laboratory analysis of the soil in the irrigation area revealed that upland soils where vegetables are cultivated are sandy loam and the lowland soils where rice is cultivated are clayed soils. FAO (1985) reported that rice grows well in clayed soil but can be cultivated in sandy loam with high water table.
Statistical analysis
One-way analysis of variance (ANOVA) was used to test variations of various climatic parameters. Pearson correlation coefficient was calculated to test the degree of relationship between the climatic parameters and evapotranspiration. The statistical analysis was carried out using software packages SPSS 20.
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Results and discussion
The results obtained when a 20-year period was used with the FAO-Penman Monteith method to estimate the reference crop evapotranspiration (ET o ) for the study area were shown in Table 1 below. This showed that ET o varied from a minimum value of 4.49 mm/day in September to the highest value of 4.94 mm/day in April. Adams et al. (2014) reported that ET o values in the upper east region of Ghana are generally higher than those in the northern region. The elements of water balance analysis for Botanga irrigation scheme is presented in figure 4 . The results showed that from January to March and November to December ET o were higher than precipitation. This implies that irrigation was necessary to grow crops during these periods of nonavailability of sufficient amount of precipitation and high atmospheric evaporative demand by crops (Shirazi et al., 2011) . Moreover, from April to October, precipitation was much higher than ET o . There was abundant supply of precipitation during these periods, and it might cause sudden flood which, in turn, destroy the root zone of crops.
There was significant difference (P < 0.05) in maximum temperature and solar radiation. Temperature values were maximum during the Harmattan season. Low temperatures recorded between the months of June and September were due to lesser solar radiation and low atmospheric temperature. In Ghana, higher temperatures are recorded in upper east and upper west regions and evapotranspiration is expected to be high in those regions ( Table 2 ). The results also show that the temperature plays a significant role in assessing reference evapotranspiration (ET o ) compared with other climatic parameters which have insignificant correlation with reference evapotranspiration.
Potential crop evapotranspiration of rice, tomato and pepper were found to be 697, 533 and 427 mm/season. A study at Tono irrigation scheme in the upper east region of Ghana showed that potential crop evapotranspiration of rice is higher than that in Botanga irrigation scheme. This is as a result of higher temperature recorded at Tono irrigation scheme during that period (Adams et al., 2014) . From the results of the estimation, it was revealed that the highest reference evapotranspiration (ET o ) occurred between February and May. This implies that the higher the air temperature is recorded, the higher the ET o is. This may be attributed to the fact that most work of the planting season is done within this time frame of the year, the amount of available water in the soil might have increased due to some recorded rainfall in April and May as shown in Table 5 . The lowest ET o values were recorded between July and September, which also corresponded with the lowest maximum temperatures for the same months. Also, the humidity within these three months was the highest for the period. This implies that when the temperature is low, the humidity will be high and evapotranspiration will be low. It has been said that evapotranspiration is influenced by the meteorological factors, and the findings of the studies have confirmed this assertion or findings. Within these months under discussions, it was observed that the peak of the raining season was reached within July and September. It could be inferred that the amount of moisture in the soil will be high, hence available water in the soil would also be high, making more water available to plants for evapotranspiration to occur, but it is regulated by the amount of moisture already in the atmosphere (humidity) and the temperature. The least ET o value was recorded in July when the lowest sunshine and solar radiations were recorded with the lowest of the highest humidity. This also implies a number of these meteorological factors come together to influence the reference evapotranspiration. The results of the correlation analysis as in Table 2 indicate that the minimum temperature (r = 0.653) favoured higher evapotranspiration and was significant (p < 0.021). Even though the correlation result for humidity was low, it was negatively correlated (r = −0.247). This implies that the increase in humidity related to decrease in evapotranspiration.
Crop Water Requirement. Irrigation water requirements differed from the crops studied. The daily crop evapotranspiration increased from 0.46 mm/day in January to 5.23 mm/day in early May, with the highest being in April (5.56 mm/day) as in Table 3 for rice. This generally indicates that during the dry season a lot of water was lost by crops from evapotranspiration processes. This also corresponds to the month that recorded the highest reference crop evapotranspiration (4.94 mm/day) as in Table 1 . The highest irrigation water requirement was in late March 46.3 mm/decade for the rice. This observation occurred when the crop was at the middle of its development stages where more water will be required for photosynthesis and fruiting. Tomato also exhibited similar variation where the daily crop evapotranspiration increased from November (0.46 mm/day) to late February (4.67 mm/day) and started dropping in early March (3.67 mm/day) as in Table 4 . The highest irrigation water requirement was in late January (48.4 mm/decade) for the tomatoes. This observation occurred when the crop was in the middle of its development. Similar trend was observed for pepper. The highest daily crop evapotranspiration increased from November (2.34 mm/day) to late February (4.21 mm/day) and started dropping in March (3.99 mm/day) as in Table 5 . Also, the highest irrigation water requirement for pepper was in late January (43.8 mm/decade). The total crop evapotranspiration was high for rice (697.2 mm/decade) than tomatoes (533.3 mm/decade) and pepper (426.8 mm/decade). These differences may be due to many factors such as soil type, plant physiology, farming method and irrigation method used. In total, the irrigation water requirement for rice (893.8 mm/decade) was higher than the tomatoes (488.0 mm/decade) and paper (399.6 mm/decade). This implies that if irrigation is not done to make-up the plant water requirement, the crops may reach their wilting point and die. This will ultimately affect the yields of the crops, affects farmers' income and contribute to aggravate poverty in the region. Higher irrigation water requirements of 962 and 1,114 mm were recorded for rice in Taiwan (Kuo et al., 2006) . 
Conclusions
The study was done at Botanga irrigation scheme to assess the evapotranspiration levels of some major crop using FAO Penman-Monteith method. The results showed that temperature played a significant role in assessing reference evapotranspiration compared to other climatic parameters. The temperature was lowest during the months from July to September due to lower solar radiation and higher rainfall. Potential crop evapotranspiration was higher in rice than tomato and pepper which has the lowest potential crop evapotranspiration. The implication of the study for farmers is that if water availability is a limiting factor for crop production, the planting of pepper becomes more favourable than tomatoes and rice since the irrigation water requirement is low. The major setback of the study is the inability to relate the irrigation water requirement with the physiology of the plant and the crop coefficient with the evapotranspiration rate of each crop studied. The used climatic data may not reflect the current trend of crop water requirement as they ranged from 1983 to 2002, and such climatic variations over the years may be another weakness. However, lack of these data did not adversely affect the results obtained from this study. Therefore, further study to examine the physiology of the crops and the irrigation water requirement, influence of crop coefficient on evapotranspiration are recommended.
